1. Percutaneous needle biopsy specimens of liver were obtained from alcoholic, diabetic and control patients. Micro-methods of lipid separation and quantification were employed to determine the detailed nature of hepatic lipid.
Introduction
Although fatty liver is a frequent histological finding in alcoholism, diabetes and many other hepatic and systemic disorders [ l ] , surprisingly little is by lipid assays insufficiently sensitive for a comprehensive analysis of hepatic lipid in human needle biopsy specimens. We have therefore developed methods of lipid separation, identification and quantification suitable for such specimens [2] and here report the first comprehensive liver lipid analysis of alcoholic and diabetic patients. Several differences in the nature of hepatic lipid have been found between fatty livers of differing aetiology.
Materials and methods Sixteen chronic alcoholics, drinking not less than 8 0 g of ethanol a day for at least 3 years, five non-insulin diabetic patients and nine control patients were studied. Control biopsies were from patients who were initially suspected of having liver disease but who were subsequently shown to have normal hepatic histology with normal serum liver function tests. They were not alcohol abusers. All liver biopsies were taken as part of the routine clinical investigation of patients. This study was approved by the Harrow Health Authority Ethical Committee.
The clinical assessment of all patients was made with particular reference to ethanol intake, nutritional status and the presence of hyperlipidaemia. Liver biopsies, obtained with either a Menghini or a Trucut needle, were taken after an overnight fast as soon after admission to hospital as coagulation status permitted.
A portion of the liver biopsy was sent for light microscopy and approximately 10 mg wet weight was washed in NaCl solution (0.15 mol/l), blotted, rapidly weighed on a torsion balance and disrupted at 4°C in 0.75 ml of 0.15 mol/l NaCl in a Dual1 homogenizer (Kontes Glass Co., Vineland, N. J., U.S.A.). An aliquot, 0.25 ml, of homogenate was taken for protein [3] and DNA [4] estimation and the remainder used for lipid extraction and analysis [2] . Total phospholipid, free fatty acid, triglyceride, free and esterified cholesterol were separated by thin layer chromatography and quantified with the use of an internal standard by specific microassays. Free fatty acids and fatty acid esters of phospholipid, triglyceride and esterified cholesterol were transmethylated and measured by gas-liquid chromatography. Separation of the major phospholipid classes was by thin layer chromatography and quantification by chemical assay [2] . Reliable separation of phosphatidylserine and phosphatidylinositol was not achieved and these results are therefore presented as a combined figure.
Statistics
All results are expressed as means f SE, and statistical differences were determined by Student's t-test.
Results

Light microscopy
Liver biopsies of all patients were examined under light microscopy. Ten alcoholics had fatty liver without fibrosis or hepatitis and six had cirrhosis with some excess fat. All diabetic patients had fatty liver but no evidence of other forms of hepatic pathology including fibrosis, cell necrosis or inflammatory cell infitrate. Control biopsies had normal hepatic histology. Clinical details are shown in Tables 1 and 2 . The Quetelet index, a measure of obesity [S], is given for each patient.
The 'ideal' range is 20-25 kg/m2 and most patients, particularly the alcoholics, are within this range. All patients had normal fasting serum total cholesterol levels. All control subjects had normal fasting triglyceride levels but two of the four diabetic and five of the 20 alcoholic patients had slightly raised triglyceride levels.
Major lipids
The fatty livers of diabetic and alcoholic patients had similar protein/DNA ratios (means f SEM, 79.0 f 22.2 and 70.6 k 24.3 respectively) and were not significantly different from control liver (103 f 14). Quantification of the major hepatic lipids (Table 3) shows that for control biopsies phospholipid is the major hepatic lipid in molar terms, comprising approximately half of the recovered fat. Free fatty acids and triglyceride each comprise about one-fifth of the total lipid. Cholesterol constitutes approximately 7% of the total lipid with free cholesterol contributing 90% of total cholesterol. Triglyceride is the major accumulating liver lipid in alcoholic and diabetic patients, comprising approximately two-thirds and one-half respectively of the recovered fat. Alcoholic and diabetic fatty livers had an increase in cholesteryl ester content but only diabetic patients showed an increase in free cholesterol and phospholipid. Cirrhotic biopsies had significantly less free fatty acid and more triglyceride but levels of the other major lipids were similar to that found in controls. Phospholipid composition. Analyses of the relative proportions of individual phospholipids are summarized in Fig. 1 . Approximately half the phospholipid was phosphatidylcholine, onequarter phosphatidylethanolamine, with the remaining detectable phospholipids contributing equally. Similar proportions of the various phospholipid classes were found in all biopsies. (Fig. 2) . The major phospholipid fatty acid ester in all biopsies was palmitate (16 : 0). Proportions of the various fatty acid esters from diabetic patients were similar to those from control biopsies. However, the proportions of several fatty acid esters differed significantly between alcoholic patients and controls. The alteration of phospholipid fatty acid esters is similar, though less marked, in alcoholic fatty liver to that in alcoholic cirrhosis. Fig. 1 . Results show means f SEM for n subjects: o, controls (n = 9); a, alcoholic fatty liver (n = 10); EI , alcoholic cirrhosis (n = 6); m, diabetic fatty liver (n = 4). Significance of results: * P < 0.05; ** P < 0.025; *** P < 0.005.
Phospholipid fatty acid esters
FIG. 3.
Fatty acid composition of hepatic triglyceride in control subjects and patients with alcoholic fatty liver, alcoholic cirrhosis or diabetic fatty liver. Results show means f SEM: 0, controls (n = 9); 0 , alcoholic fatty liver (n = 9); m, alcoholic cirrhosis (n = 6); m, diabetic fatty liver (n = 4). Significance of results: *P<O.O5; **P<O.O25. 
Double bond indexlsaturated fatty acid ratio (Table 4 )
This ratio is obtained by dividing the double bond index, that is, the sum of the products of the percentage of each unsaturated fatty acid and the number of double bonds, by the percentage of saturated fatty acids. A significant decrease of this ratio was found in the phospholipid of cirrhotic liver and a significant increase in the phospholipid of diabetic liver, compared with controls. Similar values for the triglyceride ratio were found in all groups although the alcoholic patients tended to have lower values.
Phospholipidlfree cholesterol ratio (Table 4 )
Calculation of this ratio in individual subjects to determine the mean value for each patient group revealed that patients with alcoholic cirrhosis had a significantly decreased ratio compared with controls. Diabetic and alcoholic patients with fatty liver had ratios similar to those in controls.
Nonessentiallessential fatty acid ratio (Table 4 )
A significant elevation of this ratio was found in the triglyceride and phospholipid fractions of cirrhotic livers and the triglyceride fraction of alcoholic fatty livers. The ratio was higher in triglyceride than in phospholipid for all patient groups.
Discussion
The development of micro-assays sufficiently sensitive for lipid analysis of needle biopsy speci- using fine needle aspiration specimens and by Kremer et al.
[12] using Menghini needle biopsy specimens. It is probable, therefore, that the changes in hepatic lipid composition that we are reporting in needle biopsies are a valid representation of altered lipid composition throughout the liver.
Previous investigators have used tissue wet weight as a reference for lipid accumulation. However, as the object of analysis was to investigate the nature of lipid content of fatty liver, tissue wet weight may be misleading, especially if, as in severe fatty liver, it may constitute up to half of the liver mass. For similar reasons use of protein or dry weight as reference indices are likewise unsatisfactory. This is probably particularly important in alcoholic liver disease where alterations in protein synthesis and secretion by the hepatocyte may occur [ 131. DNA is a useful factor for expressing lipid analyses because disorders of hepatic lipids are not associated with a marked inflammatory cell infiltrate, or liver hyperplasia or neoplasia, situations where alterations in cell DNA content are expected. Analysis of the data with reference to protein or wet weight gives a larger scatter of values, especially in the alcoholic patients, in keeping with this finding.
Determination of the proportions of the phospholipid classes revealed no significant difference between controls, alcoholics with fatty liver and alcoholics with cirrhosis. This is the furst systematic report of hepatic phospholipid composition in living patients with normal liver but the relative proportions are similar to those reported in normal rat liver [14,15] and normal post-mortem material [16] . Phospholipid fatty acid ester composition of alcoholic livers differed significantly from that of controls and diabetic patients in several respects. Cirrhotic biopsies had diminished proportions of linoleate and arachidonate and an increase in palmitate, palmitoleate and oleate. Except for the proportion of palmitate, which was similar to that in controls, the same pattern of an abnormal phospholipid fatty acid composition, that was seen in cirrhotic biopsies, was also found in the group of alcoholic patients with fatty liver although the alteration was more striking in cirrhotic biopsies.
Lieber & Spritz [17] demonstrated that, in man, the dose and duration of alcohol ingestion as well as the dietary fat determine the degree of steatosis and the fatty acid profile of hepatic triglyceride. Data provided in Tables 1 and 2 , together with our clinical impression, indicate that the patients we have studied were generally well nourished without overt malabsorption. Interestingly, the nonessential/essential fatty acid ratios were elevated in alcoholic patients compared with controls but this was not the case for diabetic patients. Possible explanations for this finding include a subclinical nutritional deficiency and/or malabsorption in our alcoholic patients. Alternatively, the altered triglyceride fatty acid profile found in alcoholics might be a consequence of a selective abnormality in triglyceride fatty acid esterification. Our data do not indicate an absolute deficiency of hepatic essential fatty acids in alcoholics because the absolute levels of these fatty acids in the triglyceride fraction were increased.
Studies on the physical characteristics of membranes support the contention that the double bond index/saturated fatty acid ratio is a useful index of membrane fluidity [18, 19] . Farias et al. [20] have shown that the ratio correlates closely with the activity of several membrane-bound enzymes. Our finding of a similar ratio in hepatic triglyceride from all groups suggests that the alteration observed in the phospholipid of diabetic and cirrhotic livers is not merely a reflection of the available fatty acids but a specific alteration in phospholipid composition. Thus it is unlikely that the abnormal ratio is reflecting dietary deficiency or malabsorption of polyunsaturated fatty acids.
The abnormal phospholipid fatty acid ester composition and decreased phospholipid/free cholesterol ratio suggest that hepatocyte membrane fluidity, an important feature of cellular integrity, is decreased in cirrhotic liver. Alterntively, these abnormalities may represent a cellular adaptation to the fluidizing effect of ethanol [21-231. If the relative fluidity of hepatocyte membranes is decreased in alcoholic cirrhosis then this could explain disturbances of several cellular processes in alcoholic liver disease. Such processes include the cellular response to drugs and homiones and the processes of cell division and regeneration. Clearly studies are indicated to investigate the pathogenesis and consequences of the biochemical abnormalities that we have demonstrated.
The proportions of hepatic triglyceride fatty acid esters were similar in diabetic patients and controls. However, alcoholic patients showed several abnormalities, with proportions of linoleate and linolenate being decreased in alcoholic cirrhotic and fatty livers. Proportions of palmitoleate and oleate were increased in alcoholic fatty liver and cirrhosis. This pattern of alteration in proportions of the fatty acid esters of hepatic phospholipid and triglyceride is seen in bothgroups of alcoholic patients and appears to be a characteristic feature of alcoholic liver disease, and is consistent with a depletion of essential fatty acids with a secondary increase in the endogenously synthesized unsaturated fatty acids.
To our knowledge there has been only one previous report of human liver triglyceride and phospholipid fatty acid ester composition. Alling et al. [24] studied eight alcoholic patients and performed liver biopsies at 4 and 18 days after their admission to hospital. No normal livers were studied. However, after 18 days abstention they observed a decrease in the proportion of palmitoleate and oleate and an increase in linoleate and arachidonate. These data therefore support our findings that there is a relative depletion of essential fatty acids and a compensatory increase in the endogenously synthesized fatty acids. In our study the alcoholic patients were biopsied within 14 days of admission, the average time being 6 days.
The proportions of the various hepatic free fatty acids and esters of cholesterol were similar in controls and in diabetic and alcoholic patients with fatty liver. However, cirrhotic livers had a diminished proportion of free palmitate and raised proportions of free palmitoleate and stearate. The proportion of cholesteryl linolenate in cirrhotic tissue was significantly less than that found in normal liver. This is the first reported detailed analysis of cholesteryl esters and free fatty acids in human liver and shows clear differences in propor-tions of the various fatty acids between cirrhotic and normal liver.
Previous investigators [7J commenting on the qualitative and quantitative changes in the major lipids and fatty acid esters of triglyceride claimed that there were no qualitative differences in hepatic lipid from fatty livers of different aetiology. In view of the different pathological processes involved in the development of fatty liver in different diseases, it is surprising that they found no biochemical differences. Such differences that we have now reported, most notably in the phospholipid and triglyceride fractions, indicate that there are biochemical differences in fatty livers of different aetiology and this may be of relevance in the pathogenesis of liver injury.
The present study reports, for the first time, a systematic analysis of the lipid content of human liver from needle biopsy specimens from patients with various hepatic disorders. The approach is applicable to other tissues amenable to biopsy [25] . In addition, in combination with subcellular fractionation techniques, it 'should prove possible to determine the location of the lipid components. It should also prove possible now that the nature of the principal accumulating lipids has been established to investigate the pathogenesis of the syndrome of fatty liver.
